Objective To study the effects of short-term complications on recurrence following laparoscopic inguinal hernia repair using routine data. Conclusions Complications recorded in linked routine data predicted recurrence following laparoscopic inguinal hernia repair. Focus must, therefore, be placed on achieving good short-term outcome, which is likely to translate to better longer term results using the laparoscopic approach.
Introduction
Primary inguinal hernia repair is one of the most commonly performed surgical procedures with almost 1,00,000 patients undergoing surgery every year in the English NHS [1] . In September 2004, the National Institute for Health and Care Excellence (NICE) extended their recommendations for laparoscopic inguinal hernia repair to all patients, and not only those with bilateral or recurrent hernias as outlined in the previous guidelines from January 2001 [2, 3] . Despite these changes, little is known about outcome from laparoscopic inguinal hernia repair at population level in the (UK). The Hospital Episodes Statistics (HES) database fails to reliably record complications that arise in the post-discharge setting [4] . However, patient surveys indicate that complications following hernia repair can significantly impact on patient quality of life [5] .
In terms of short-term outcome, evidence from metaanalyses is in favor of the laparoscopic approach for inguinal hernia repair [6, 7] . However, other studies from the National Surgical Quality Improvement Program (NSQIP) do not demonstrate lower complication rates with this approach [8] . The short length of follow-up in this database means that long-term outcome cannot be assessed. Instead, studies from prospective registries, such as the Danish Hernia Database [9, 10] and meta-analyses, report on long-term outcome and higher recurrence rates following some types of laparoscopic repair [7, 11] . Although there are numerous studies evaluating laparoscopic repair, the relationship between complications and durability has not previously been assessed. Better understanding of the relationship between short and long-term outcome may help us understand exactly how minimally invasive surgery benefits patients.
Primary care records have previously been used to identify adverse events related to hospital treatment encountered by primary care physicians (PCPs) [12] [13] [14] [15] . Linkage to hospital databases can offer a multi-source perspective of hernia outcome on a large scale. This study evaluates the effect of short-term complications on longterm recurrence following inguinal hernia repair in the UK using linked routine national databases.
Methods

Database linkage
The Clinical Practice Research Database (CPRD) has the greatest number of patients linked to hospital data out of all primary care databases in the UK. HES contains procedural information for each episode of hospital care in England. It encompasses all primary and secondary (recurrent) inguinal hernia repairs that have been performed as day-case or during hospital admission in England. About 8.5% of the population in the UK is registered with practices that enter data into CPRD. About half of these practices are linked to HES. Only practices with linkage between HES and CPRD data were included in the study. The CPRD population has previously been demonstrated to be representative of the UK population through validation against data from the Office of National Statistics [16] . Patient linkage was performed using the NHS number [17] . The linked database covered all clinical codes recorded between 1st April 1997 and 31st March 2012.
Study population
All patients aged 18 or over who underwent elective or emergency primary inguinal hernia repair between 1st
April 1997 and 31st March 2012 were evaluated. Patients were identified by the Office of Population Censuses and Surveys Classification of Interventions and Procedures (OPCS) version 4.4 code T20 (primary repair of inguinal hernia) in HES. Only patients with this procedure code recorded in the first position for operative procedures (thereby denoting the main procedure for which the patient was admitted to hospital) were included in the study. Laterality was determined by OPCS codes in the remaining procedure positions of the same episode. Only patients with recorded laterality (Z943 = left, Z942 = right, Z941 = bilateral, Z944 = unilateral) were included in the study. Patients with multiple primary procedures on separate occasions were excluded from the study. Codes for minimally invasive approach (Y751, Y752, Y758, Y759, and Y508) signified the intention to treat by laparoscopy. Conversion was identified by OPCS codes Y714 and Y718. Patients were included if they met the up-to-standard criteria for data quality set by CPRD. These criteria incorporated patient and practice level parameters that filtered out poor quality data by identifying discrepancies in clinical information and periods of missing data in primary care records.
Complications
Thirty-day bleeding and wound infection rates were evaluated, because they were the most commonly reported short-term complications in the literature [6, 7, 11] . Complication rates were determined using a combination of codes in CPRD and HES. In CPRD, medcodes are mapped equivalents of the widely used Read clinical coding system developed in the UK [18] . Medcodes were used to identify complications encountered in primary care recorded by PCPs during consultation. In HES, the International Classification of Diseases version 10 (ICD-10) coded for complications recorded during hospital stay and upon readmission to primarily treat a complication (1st position for ICD-10 codes). Codes used to identify complications in the two data sets are presented as a supplementary file (Supplementary table) . Only the earliest recording of a specific complication within 30 days of the primary repair was counted in each patient to avoid double counting of the same patient.
Recurrence
Recurrence was identified as reoperation as previously described [19, 20] . Repair of recurrent inguinal hernia was coded by OPCS code T21. Only procedures with recorded laterality (Z943 = left, Z942 = right, Z941 = bilateral, Z944 = unilateral) were counted as recurrence, ensuring that reoperation was on the same side as the primary repair.
Risk factors
Risk factors for recurrence were derived from multiple databases. Patient risk factors, including age, gender, body mass index (BMI), comorbidities, and smoking. BMI and smoking were derived from CPRD. ICD-10 codes for 17 types of preoperative comorbidity were adopted from a previous study evaluating a weighted Charlson comorbidity score in HES [21] . Surgical factors, including emergency surgery, bilateral repair, and laparoscopic repair, were coded in HES. Year of surgery was included as a numerical variable to evaluate time trends.
Statistical analysis
SPSS version 22.0 (SPSS for Windows, Chicago, Illinois) was used for all analyses. Bivariate analysis (t test, Chisquared and Fischer exact) compared patient characteristics, comorbidities, complications, and recurrence between laparoscopic and open hernia repair. Total complication rates were derived as the number of procedures affected by either bleeding or wound infection. Data were evaluated according to database of capture by deriving the total number of procedures with recorded complications in HES or CPRD. The overlap between databases was assessed. Recurrence was assessed by time to event analysis by entering risk factors including complications into a Cox regression model. For this, the effects of surgical approach and short-term complications were evaluated as a single categorical variable by grouping patients according to laparoscopic or open repair, and complications or no complications. Multi-collinearity was tested and a variance inflation factor of less than five was considered as no interaction between the evaluated predictor covariates in regression analysis. A p value of \0.05 was considered as statistically significant. For BMI, only recordings within 5 years before surgery were used to estimate preoperative BMI. Missing BMI values were imputed using prediction models incorporating age, gender, socioeconomic status, and diabetes.
Results
Surgical cohort
Data from 365 practices with patient-level linkage of CPRD and HES data were evaluated between 31st March 1997 and 1st April 2012. During this period, 43,014 primary inguinal hernia repairs were recorded, out of which 41,545 (96.6%) procedures had coding for laterality. Of these, 9.3% (3874/41,545) were bilateral repairs. The proportion of emergency hernia repair was 4.3% (1782/ 41,545). The rate of laparoscopic repair increased over time ( Fig. 1) Table 1 ). The Charlson score was significantly higher in the open repair group, while the rate of smoking was significantly higher in the laparoscopic repair group. The rate of emergency surgery was significantly lower, while the rate of bilateral repair was significantly higher in patients who underwent laparoscopic repair.
Complications
Overall, there were 1415 recordings of short-term complications within 30 days of primary hernia repair. Complications affected 3.3% (1366/41,545) of procedures. Complication rates in HES and CPRD were 1.4% (582/ 41,545) and 2.1% (867/41,545), respectively. The same complication was recorded in both databases in 10.7% (151/1415) of patients with recorded complications. Bleeding was recorded more frequently in HES, while wound infection was recorded more frequently in CPRD (Table 2) . Overall, complication rates were significantly 
Discussion
Since NICE recommended wider application of laparoscopic inguinal hernia repair in 2004, there has been an increase in the use of this approach in England. Over the duration of this study, which represents the national learning curve for this approach, laparoscopic repair was associated with lower short-term complication rates but higher rates of recurrence when compared with open inguinal hernia repair. As the time to recurrence was significantly shorter for laparoscopic surgery, technical factors are likely to influence the durability of repair with this approach [22] . We report for the first time that short-term complications predicted recurrence in primary laparoscopic but not open inguinal hernia repair. The data suggest that complications in the form of wound infection or bleeding following laparoscopic repair are associated with poor long-term durability of hernia repair. Wound infection in the laparoscopic setting occurs away from the repair site (it was not possible to determine the site of bleeding from the available data), so the present analysis does not reflect the direct effect of complications on the operative site and the mechanics of repair. This explains that why complications in the groin following open hernia repair did not significantly increase recurrence rates. Rather, the results of the presented analysis are reflective of an association between surgical quality in the short-term and long-term. While focus must be placed on reducing recurrence rates through learning and improvement in technique, achieving good short-term outcome is likely to translate, by association, to longer term benefit for patients. The previous population-level analyses of inguinal hernia repair in Europe have reported on similar proportion of laparoscopic repairs when considering the time-frames for each individual study. The Swedish registry reports on laparoscopic repair in 6.9% of patients, while the Danish registry reports rates of 5.5% [10, 23] . Studies from NSQIP show slightly higher rates in the United States (16.9%) as this database includes a higher proportion of surgery performed more recently [8] . As such, short-term outcome from laparoscopic inguinal hernia repair is reported extensively. Hernia (2017) 21:191-198 195 However, this is the first study to use primary care data to assess adverse outcome. Although it is not known how accurately PCPs diagnose surgical complications, our study reflects quality from the perspective of the service purchaser. More complications were identified in primary care than in hospital administrative data. This suggests that in the setting of ambulatory surgery, primary care data usefully reflect outcome in the post-discharge setting. Wound infection was the most frequently encountered complication, the majority of which were diagnosed by PCPs. Similar to our findings, a Cochrane review concluded that wound infection was less frequently associated with laparoscopic compared with open inguinal hernia repair [6] . A review of 34 randomized trials quantified these rates to be 1% following laparoscopic repair and 2.7% following open repair [7] . Data from NSQIP, a dedicated registry for adverse events, show lower rates of wound infection than previously reported raising the possibility of under-recording in this database [8] . Interestingly, NSQIP does not demonstrate any difference in wound infection rates between laparoscopic and open hernia repair.
In studies evaluating hospital administrative data in the UK, wound infection rates have been reported to be 0.2 and 0.3% for laparoscopic and open surgery, respectively, much lower than in our study, thereby demonstrating the value of primary care data in capturing harm [4] . In HES, bleeding rates have been reported to be 0.8 and 1% for laparoscopic and open surgery, respectively, lower than in our study, suggesting that some bleeding was identified in primary care and did not require re-referral to hospital. The previous studies evaluating recurrence have focused on risk factors ranging from smoking to collagen composition [24, 25] . However, reported follow-up lengths have been variable (ranging between 6 and 70 months) and not stated in some studies [7] . In light of the recent popularization of the laparoscopic approach, long-term outcome from different techniques have been scrutinized in detail. The Danish Hernia Database previously suggested that surgery for recurrence is needed more frequently when the primary operation was for direct, bilateral, and sliding hernias [9, 24, 26] . This database reveals the rate of surgery for recurrence to be 3.7% for laparoscopic repair and 2.0% for Lichtenstein open repair, similar to our study over the same follow-up [10] . In England, analysis of HES has previously concluded that surgeon case-load is associated with reduced recurrence rates; however, the unspecified length of followup in this particular study makes the interpretation of results challenging [4] . Outside of the UK, inverse relationships between surgical volume and reoperation for recurrence have also been demonstrated. Data from the Danish Hernia Registry have previously shown that hospitals performing less than 50 procedures per year have a significantly higher rate of reoperation for recurrence [27] . These data also revealed that private hospitals had lower rates of reoperation for recurrence compared with public hospitals. In the United States, surgeon volume has previously been observed to inversely correlate with reoperation for recurrence, as well as operation time and cost [28] . However, using linked data, it was not possible to evaluate surgeon volume and the effect of individual learning curves due to the lack of surgeonspecific data in linked CPRD-HES.
One previous study has reported on a similar effect of complications on the durability of hernia repair for recurrent hernias [19] . This study from the Swedish National Hernia Registry evaluated 2688 patients and confirmed the superiority of laparoscopic compared with open approach for recurrent inguinal hernia repair due to lower associated short-term complication rates. No previous study has reported on the effect of complications on longer term outcome in primary inguinal hernia repair.
In this study, linkage of data across integrated health systems allowed for a multi-source perspective of surgical quality using routinely collected information. These resources were able to reflect findings from prospective registries that are associated with higher running costs and rely on voluntary data entry [29] . Our results suggest that the quality of hernia surgery can be evaluated effectively by combining hospital and primary care data. This may be an important method in other day-case procedures and in those with established enhanced recovery practice for which adverse events may increasingly arise in the community.
Limitations of this study include the lack of validation of clinical diagnoses in the primary care setting. Wound infection and bleeding were frequently coded in primary care; however, it was not possible to determine diagnostic accuracy in the present analysis. Comparison with other data sets is necessary to evaluate over-or under-diagnosis of surgical complications by PCPs. Although common complications were evaluated, chronic pain was not addressed, as it was not possible to specify surgery as its cause from the available data. As reoperation was used as a surrogate for recurrence, recurrence that was managed conservatively was not accounted for in this study. It was also not possible to study the difference between trans-extraperitoneal and transabdominal approaches or differentiate between direct and indirect hernias from the available data.
Surgical complications significantly impact on patient quality of life [30] . Our analysis of complications using linked data sets helped assess quality where mortality is a poor indicator. By allowing for the evaluation of short and long-term outcome together, these resources offered an overview of inguinal hernia outcome nationally. One important finding in this study was that a significant proportion of complications were recorded in primary care. Drives towards shorter in-patient stay mean that the burden of hospitals on integrated health systems as a whole is likely to be better scrutinized using integrated data. Linked databases offer important information on urgent complications, such as bleeding or mesh infection that requires hospital assessment. Such data would be informative to surgeons. As surgeons' learning curves are likely to influence outcome, this study has demonstrated that focus must be placed on improving surgical technique through better learning, training, and education [4] . Overall, recurrence rates were observed to improve over time, demonstrating the learning curve for laparoscopic repair.
In conclusion, complications recorded in linked routine databases predicted recurrence following laparoscopic inguinal hernia repair. Focus must, therefore, be placed on achieving good short-term outcome, which is likely to translate to better longer term results of laparoscopic repair.
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